Cryoablation at Growing Myocardium: No Evidence
of Coronary Artery Obstruction or Intimal Plaque

Formation Early and Late after Energy Application
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Background: Animal studies and clinical observations have demonstrated that radiofrequency current
application at growing myocardium may result in coronary artery obstruction. Recently, cryoenergy has
emerged as an effective alternative to radiofrequency ablation of arrhythmogenic substrates in pediatric
patients. Up to now, there has been a lack of experimental data concerning the effects of cryoenergy
application at growing myocardium.

Methods: During general anesthesia, selective coronary angiography of the right and left coronary
artery was performed in 10 piglets (age: 6 weeks, body weight: 14-18 kg). Subsequently, cryoenergy was
delivered at —75°C for 4 minutes using a 7-F catheter with a 6-mm-tip electrode at the atrial aspect
of the tricuspid valve annulus in a posterior and lateral position. Additional cryoenergy lesions were
induced via a retrograde approach at the lateral and posterior atrial and ventricular aspect of the mitral
valve annulus, respectively. Five animals were restudied after 48 hours by coronary angiography and
intracoronary ultrasound and in the remaining five piglets after 3 and 6 months, respectively.

Results: Selective coronary angiography and intracoronary ultrasound studies did not demonstrate
any evidence for coronary artery obstruction after 48 hours, 3 months, or 6 months after cryoenergy
application. In addition, histological examinations of the cryolesions after 48 hours and after 6 months
did not demonstrate any intimal proliferations of the coronary arteries, respectively.

Conclusions: By means of the present study, we did not observe any affection of the coronary arteries

after cryoenergy application at growing myocardium in young piglets. (PACE 2009; 32:1197-1202)
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Introduction

Electrophysiological study and radiofre-
quency ablation of supraventricular tachycardia
substrates is an established therapy in pediatric
patients with high efficacy and low complication
rate. However, animal studies of our group have
demonstrated’? that radiofrequency current appli-
cation at growing myocardium may result in coro-
nary artery obstruction. Meanwhile, these experi-
mental data were confirmed by reports of coronary
artery obstruction and occlusion in adult as well
as in pediatric patients following radiofrequency
catheter ablation.®~'# In addition, death of a 13-
year-old patient due to occlusion of the left coro-
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nary artery (LCA) after successful radiofrequency
ablation of a left-sided accessory pathway has been
reported.’®

Within the last years, cryoenergy has evolved
as a safe and an effective alternative for catheter
ablation of arrhythmogenic substrates in pe-
diatric patients. However, in comparison to
radiofrequency catheter ablation of supraventricu-
lar tachycardia in pediatric patients, lower success
rates and higher recurrence rates have been ob-
served in several studies.'’®"'® Due to specific fea-
tures of this new technique, cryoadhesion and cry-
omapping, the risk of atrioventricular (AV) block
can be minimized especially when targeting sep-
tal substrates. In addition, a study by Aoyama and
coworkers?® demonstrated no obstruction of the
coronary artery after cryoablation in the coronary
sinus close to the LCA in adult dogs. However, up
to now, there has been a lack of experimental data
concerning the effects of cryoenergy application at
growing myocardium.

The aim of the present study was to assess
coronary artery involvement by serial coronary
angiography, intracoronary ultrasound studies,
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and histological examinations after cryoenergy
application in piglets. The study was performed
with an experimental design comparable with a
previous study of our group using radiofrequency
current? in which coronary obstruction had been
demonstrated.

Methods
Animals

Ten piglets (German Landrace) with a mean
age of 6 weeks and a mean body weight of
15.6 kg (range: 14-18 kg) were studied. The
study had been approved by the local authority
(Bezirksregierung Braunschweig, Germany, Ref.
No. 509.42502/01-09.04). All experiments were
performed under general anesthesia while admin-
istering midazolam, propofol, and ketamine intra-
venously with additional continuous inhalation
of isoflurane. Vascular sheaths were placed in
the femoral artery and vein by the percutaneous
technique. Subsequently, heparin (100 U/kg)
and cephazoline (50 mg/kg) were administered
intravenously.

Study Protocol

Selective coronary angiography was per-
formed in standard projections, i.e., right ante-
rior oblique (RAO) 30° angulation and left ante-
rior oblique (LAO) 60° angulation, respectively,
to document coronary anatomy at baseline using
5-F Judkins left/right or 5-F Amplatzer left/right
catheters (Cordis, Roden, Netherlands). Angiogra-
phies were digitally stored for off-line analysis (BV
Pulsera, Philips, Amsterdam, Netherlands). Sub-
sequently, a steerable 7-F cryocatheter equipped

with a 6-mm-tip electrode (Freezor®Xtra, Cryocath
Technologies Inc., Quebec, Canada) was intro-
duced antegradely into the right atrium and subse-
quently retrogradely into the left ventricle and left
atrium, respectively. During sinus rhythm, the tip
ofthe cryocatheter was placed at the respective AV
groove with the aim to register appropriate bipo-
lar local atrial and ventricular electrocardiograms.
Under fluoroscopic guidance, cryoenergy applica-
tion was performed with a target temperature of
—75°C for 4 minutes at the following locations:

(1) At the atrial aspect of the tricuspid valve
annulus in a posterior and lateral position

(2) Via aretrograde approach at the posterior
and lateral atrial aspect of the mitral valve annulus

(3) Viaaretrograde approach at the posterior
and lateral ventricular aspect of the mitral valve
annulus

During cryoenergy application, selective coro-
nary angiography was performed in order to con-
trol the local proximity of the ablation catheter to
the coronary artery (Fig. 1). Each location of cry-
oenergy application was fluoroscopically recorded
and documented. Thirty minutes after the fi-
nal cryoenergy application selective coronary an-
giography of the left coronary artery (LCA) and
right coronary artery (RCA) was repeated. Sub-
sequently, the sheaths were removed, hemostasis
was achieved, and the animals were extubated.
Aspirin (2-3 mg/kg) was given afterwards on a
daily basis to avoid thrombus formation at the ab-
lation sites as it is standard practice in human abla-
tion procedures at our institution to avoid throm-
boembolic events.

Figure 1. Cryoenergy application at the lateral tricuspid valve annulus (left panel 30° right an-
terior oblique-projection, right panel 60° left anterior oblique-projection) for 4 minutes at —75°C.
Coronary angiography of the RCA was performed during cryoenergy application to demonstrate
the proximity of the ablation catheter to the coronary artery.
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Re-evaluation

Forty-eight hours after cryoablation, five ran-
domly selected animals (acute group) were restud-
ied under general anesthesia as described earlier.
Selective coronary angiograms of the LCA and
RCA were repeated and again digitally stored for
the off-line analysis. Subsequently, an intracoro-
nary ultrasound study was performed. Before en-
tering the vessels with the guide wire (see below),
glycerol trinitrate (0.1-0.2 mg) and additional hep-
arin (50 U/kg) were selectively administered into
the RCA and LCA, respectively. Under fluoro-
scopic guidance, a 0.014-inch guide wire (Hi-
Torque®Guide Wire, Guidant, Santa Clara, CA,
USA) was advanced far distal into the RCA and
into the left circumflex artery (LCx). Intracoro-
nary ultrasound studies were performed using
a 2.9-F ultrasound catheter (Jovus Avanar F/X,
Volcano Therapeutics Inc., Brussels, Belgium) to-
gether with the respective ultrasound console
(EndoSonics, Volcano Therapeutics Inc.). The ul-
trasound catheter was automatically retracted un-
der fluoroscopic guidance in 1-mm intervals (Trak
Back, EndoSonics Corporation, Rancho Cordova,
CA, USA) from the peripheral vessel back to
the ostium. Ultrasound images were continuously
recorded and again digitally stored for the off-line
analysis. Finally, animals were sacrificed for fur-
ther histological work up.

The remaining five animals (chronic group)
were restudied after 3 and 6 months as described
above by selective coronary angiography and in-
tracoronary ultrasound, respectively, and finally
sacrificed after 6 months.

Off-line Analysis

Selective coronary angiograms and intracoro-
nary ultrasound sequences were screened by two
independent observers. Significant plaque for-

mation or coronary artery obstruction was de-
fined as >30% diameter stenosis by quantita-
tive coronary angiography measurements or thick-
ening of the intima >200 pum by intracoronary
ultrasound.

Histological Analysis

Tissue blocks containing the whole lesions
with adjacent tissue including adherent coronary
arteries were excised. After fixation and paraffin
embedding, the blocks were sectioned at 5 um
and staining was performed with hematoxylin-
eosin and Elastica van Gieson using standard
techniques.

Results

In all 10 piglets, no major complications
were noted during the entire course of the study.
During cryoablation, no ST-segment elevations
or other major electrocardiograms changes were
observed.

Selective Coronary Angiographies

Selective coronary angiographies of the RCA
and LCA could be accomplished in all animals as
planned. No evidence for coronary artery obstruc-
tion was noted after 48 hours as well as 3 and
6 months after cryoenergy application by the two
independent observers (Fig. 2).

Intracoronary Ultrasound

Intracoronary ultrasound of the RCA and LCx
could be performed in all animals of the acute
group 48 hours after cryoenergy application and
in all animals of the chronic group 3 and 6 months
after cryoenergy application. Analysis of the intra-
coronary ultrasound studies with respect to inti-
mal thickening and/or narrowing of the vessel di-
ameter by the two independent investigators did

Figure 2. Coronary angiography of the RCA 6 months after cryoenergy application did not reveal
any evidence for coronary artery obstruction (same animal and projections as in Fig. 1).
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Figure 3. Intracoronary ultrasound study of the RCA 6 months after cryoenergy application (same animal as in Figs. 1
and 2). Left panel: Position of the ultrasound probe (arrow) within the vessel along the tricuspid valve annulus (60°
left anterior oblique projection). Right panel: Intracoronary ultrasound image of the RCA at the position displayed
in the left panel. Inside the lumen of the coronary artery the ultrasound catheter is visible. A smooth endovascular
surface without any evidence of plaque formation or stenosis can be seen.

not reveal any intimal plaque formation or steno-
sis (Fig. 3) in any of the animals, respectively.

Histopathological Analysis

Twenty-two cryolesions were studied
48 hours and 21 lesions 6 months (Fig. 4) after
cryoenergy application. No significant abnormal
neointimal proliferation, luminal narrowing,
inflammation, or affection of the layers of the
adjacent coronary artery were noted. All cryole-
sions were sharply demarcated. In contrast to the
ventricular lesions, all cryolesions at the atrial
level exhibited a transmural extension.

Discussion

Catheter ablation using cryoenergy is consid-
ered to be a safe procedure in pediatric patients.
In contrast to radiofrequency current application,
to the best of our knowledge, no coronary artery
obstruction has been reported after cryoablation
in humans. In the present experimental study, we
did not find any intimal plaque formation or steno-
sis of the coronary arteries by serial coronary an-
giographies, intracoronary ultrasound, and histo-
logical examinations in young piglets.

In a previous study of our group,? intimal
plaque formation of the RCA had been noted in
three of eight animals by intracoronary ultrasound
6 months after radiofrequency current application
using a comparable experimental setting and an-
imal model. An earlier study of our group had
demonstrated narrowing of the lumen of the RCA
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due to intimal thickening by 25% and 40% in
two of five piglets after radiofrequency current ap-
plication.? In contrast to these findings, no inti-
mal plaque formation or stenosis of the coronary
artery was noted in the present study after cryoab-
lation neither by selective coronary angiography
and intracoronary ultrasound nor by a histologi-
cal examination.

Aoyama and cowokers?® compared cryother-
mia and radiofrequency current application using
an irrigated tip electrode in the coronary sinus
within a distance of 2 mm from the left circumflex
coronary artery in adult dogs. Selective coronary
angiographies at 5 minutes and 30 minutes post
radiofrequency current application identified LCx
narrowing at six of 10 ablation sites and at four
of nine sites 1-week post radiofrequency current
application. Again, no LCx narrowing was noted
5 minutes, 30 minutes, 1 week, or 3 months after
cryoablation by selective coronary angiography. In
addition, intracoronary ultrasound during or di-
rectly after cryoenergy delivery did not show any
increased echogenicity, wall thickness, or lumi-
nal narrowing of the LCx. In other study, Skanes
and coworkers?! evaluated the safety and feasibil-
ity of cryoablation within the coronary sinus in 14
swines with a mean body weight of 29.8 kg. No ar-
terial spasm or thrombosis during or after cryoab-
lation was noted by coronary angiography. Coro-
nary flow reserve and continuous-flow Doppler
monitoring remained unchanged in the animals
studied.

PACE, Vol. 32



CRYOABLATION AT GROWING MYOCARDIUM

Figure 4. Chronic cryolesion 6 months after energy ap-
plication at the ventricular aspect of the mitral valve an-
nulus (Elastica Van Gieson staining). The mitral valve is
displayed on the top. A sharp demarcated nearly trans-
mural cryolesion is visible. Myocardium is replaced by
fibrous tissue in the upper layers and by fat cells in the
deeper layers. No obstruction or intima proliferation of
the circumflex branch of the left coronary artery is evi-
dent.

Additional studies in different animal mod-
els?>23 demonstrated that epicardial cryolesions
directly placed over a coronary artery in the beat-
ing heart model or during normothermic car-
diopulmonary bypass did not result in any sig-
nificant coronary artery obstruction. However, in
the majority of these studies?®?>2% adult animals
and/or different locations?*~%® for energy applica-
tion had been chosen. Therefore, these results may
not represent the situation when cryoenergy is de-
livered at an immature myocardium. According
to the results of the present study, cryoablation
seems to be safe with regard to coronary artery
obstruction.

PACE, Vol. 32

Clinical data and animal studies including the
present study suggest that cryoablation appears
safe with less damage to the coronary artery than
with radiofrequency energy. A possible reason
may be the smaller volume of cryoenergy lesions
and smaller size of affected endocardial surface?*
using the standard 7-F catheter. This difference
may in part be explained by cryoadhesion with
tight contact of the catheter tip at the endocardium
during every single heart beat resulting in sharply
demarcated lesions in contrast to the “brushing
effect” during radiofrequency current application.
In addition, it may be speculated that coronary
flow prevents cryo lesion extension, whereas it
does not prevent the extension of the radiofre-
quency current lesions.

Limitations

A number of limitations of our experimental
study must be considered. First, the present study
was performed in a pig model. Despite species dif-
ferences, we believe that young pigs are the most
suitable model for studying the effects of intracar-
diac radiofrequency current ablation and cryoab-
lation in children due to the similarities in the ar-
rangement and pathologic appearance of coronary
arteries in swine and humans.?

Second, in the present study cryolesions were
performed according to standard protocols!®18:19
for the ablation of atrioventricular nodal reentrant
tachycardia and accessory pathways in children. It
may be speculated that the risk of coronary artery
obstruction may increase with longer cryoenergy
application time, the use of larger tip electrodes,
and/or by lower target temperatures.

Clinical Implications

In contrast to our previous results using ra-
diofrequency current, we were able to demonstrate
that cryoenergy application at an immature my-
ocardium did not result in coronary artery ob-
struction. Although clinical studies'®™*® revealed
a lower success and higher recurrence rate using
cryoenergy for the ablation of accessory pathways
compared to radiofrequency current application,
we think that cryoenergy should be considered the
energy of choice for ablation of tachycardia sub-
strates close to the coronary arteries to minimize
the risk of coronary artery obstruction.

Conclusions

The present study did not show any acute or
chronic affection of the coronary arteries after cry-
oenergy application at growing myocardium by
selective coronary angiography, intracoronary ul-
trasound, and histological examinations in young
piglets.
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